The extraction of yacon [Smallanthus sonchifolius (Poepp. and Endl.) H. Robinson; Asteraceae] leaves and chromatographic separation yielded two new antibacterial melampolide-type sesquiterpene lactones, 8b-tigloyloxymelampolid-14-oic acid methyl ester and 8b-methacryloyloxymelampolid-14-oic acid methyl ester, as well as the four known melampolides, sonchifolin, uvedalin, enhydrin and ‰uctuanin. The newly identiˆed compound, 8b-methacryloyloxymelampolid-14-oic acid methyl ester, exhibited potent antimicrobial activity against Bacillus subtilis and Pyricularia oryzae, while 8b-tigloyloxymelampolid-14-oic acid methyl ester showed lower activity. Fluctuanin exhibited the strongest antibacterial activity against B. subtilis among these six sesquiterpene lactones.
Fig. 1. Antibacterial Compounds Isolated from Yacon Leaves.
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Key words: Smallanthus sonchifolius ; yacon; antibacterial compound; sesquiterpene lactone; melampolide Yacon [Smallanthus sonchifolius (Poepp. and Endl.) H. Robinson; Asteraceae], originally cultivated in the Andean highlands, was introduced into Japan via New Zealand in 1985. 1) It has been reported that the tubers of yacon contained a high concentration of oligofructans 2) and polyphenols, 3) and that the leaf extract had antidiabetic eŠects. 4) Therefore, yacon has recently become popular as a healthy functional food in Japan.
As the cultivation of yacon needs almost no pesticides, yacon can be expected to contain antimicrobial and insecticidal compounds. Kaurene-type diterpenoids have been isolated from the glandular trichome exudate and leaf extract, 5) three acetophenone-type phytoalexins have been isolated from tuber slices inoculated with Pseudomonas cichorii, 6) and two antimicrobial diterpenes have been identiˆed from uninfected tubers. 7) We have previously isolated four fungicidal melampolide-type sesquiterpene lactones from a leaf extract. 8) At the same time, we also found four insecticidal glyceroglycolipids in the leaf extract. 9) These constituents seemed to be defensive substances in this highly pest-and pathogen-resistant plant.
In our previous study, the antifungal compounds were screened based on the inhibition of Pyricularia oryzae spore germination. 8) In this present study, we changed the screening method and tried toˆnd novel compounds. As a result, six melampolide-type sesquiterpene lactones were identiˆed as antibacterial compounds against Bacillus subtilis. Two of them were found to be new compounds and were designated as 8b-tigloyloxymelampolid-14-oic acid methyl ester (1) and 8b-methacryloyloxymelampolid-14-oic acid methyl ester (2) . The other four compounds were identiˆed as sonchifolin (3), uvedalin (4), enhydrin (5) and ‰uctuanin (6) .
Materials and Methods

General.
1 H-NMR (500 MHz), 13 C-NMR (125 MHz) and 2D-NMR were measured in CDCl3 with TMS as an internal standard by a JNM-A500 spec-trometer (JEOL). The IR spectrum was measured as a KBr pellet by an FTW IR-5000 spectrometer (JASCO). HRMS was measured by a JMS-GCmateII mass spectrometer (JEOL) in the direct inlet EI mode. Low-resolution MS was measured by a Saturn 2000R ion trap mass spectrometer (Varian) interfaced with a Varian model 3800 gas chromatograph operated in the electron impact mode (70 eV) under the following conditions: column, CP-Sil 8CB lowbreed W MS (0.25 mm i.d.×30 m, 0.25 mmˆlm thickness; Varian); injection port temp., 2509 C; carrier gas, He; ‰ow rate, 1.5 ml W min; temp. program of the column oven, 609 C for 1 min before heating to 3009 C at 109 C W min; ionization mode, EI (70 eV); ion trap temp., 2209 C; scan range, m W z 70-600; scan rate, 1 s W scan.
Plant material. Fresh leaves of yacon were supplied by the Experimental Farm of Ibaraki University. Tubers possessing young buds had been transplanted on the farm in May, and the resulting leaves were harvested in the following November. The leaves were stored at -209 C before their extraction.
Extraction and isolation. Yacon leaves (2 kg) werê nely ground and extracted with 70z MeOH at room temperature overnight by using a shaker. After ltration, the extract was concentrated in vacuo to remove MeOH. The concentrate was further extracted three times with EtOAc. The combined extract was evaporated in vacuo. The residue was loaded into a silica gel column and eluted with a gradient of hexane and EtOAc, EtOAc and MeOH to give 15 fractions. The antibacterial test showed that Fr. 5 (eluted with hexane:EtOAc＝60:40), Fr. 6 (hexane: EtOAc＝50:50) and Fr. 8 (hexane:EtOAc＝30:70) had activity. Repeated column chromatography of Fr. 5 in a silica gel column, eluting with a gradient of hexane and EtOAc, and then by ODS-HPLC in a Cosmosil 5C18AR column (1 cm i.d.×25 cm, Nacalai Tesque), using 75z MeOH at a ‰ow rate of 2 mlW min, gave compound 1 (5.1 mg), sonchifolin (3; 10.1 mg) and an other active fraction. This fraction was further puriˆed by ODS-HPLC, using 60z MeCN, to give compound 2 (2.8 mg). By similar separation, Fr. 6 gave ‰uctuanin (6; 3.3 mg), and Fr. 8 gave enhydrin (5; 14.7 mg) and uvedalin (4; 8.7 mg).
8b-Tigloyloxymelampolid-14-oic acid methyl ester (1) 
Quantiˆcation of the melampolides by GC-MS.
Yacon leaves (5 g) were extracted overnight with 70z MeOH (100 ml) by using a shaker at room temperature. Ten milliliters of theˆltrate was concentrated, and the concentrate was further extracted with EtOAc (10 ml). The EtOAc extract was analyzed by GC-MS under the conditions described in the General section. The amount of each compound was calculated from the peak area of the characteristic ion chromatogram. The characteristic ion of each compound was as follows: 8b-tigloyloxymelampolid-14-oic acid methyl ester (1), m W z 242; 8b-methacryloyloxymelampolid-14-oic acid methyl ester (2), m W z 274; sonchifolin (3), m W z 242; uvedalin (4), m W z 272; enhydrin (5), m W z 229; ‰uctuanin (6), m W z 388.
Assay for antibacterial activity. The antibacterial activity against B. subtilis was tested by an antibacterial paper-disc assay.
10) An antibiotic paper disc (8 mm in diameter, Advantec) was loaded with a sample solution and then dried for 2 h in vacuo to remove the solvent. Each sample-loaded disc was placed in Petri dish containing a bottom layer of nutrient agar and a top layer of soft agar seeded with B. subtilis. After incubating at 259 C for 18 h, the diameter of the inhibition zone was measured in millimeters. The average of three measurements was adopted. A sample which showed an inhibition zone of more than 10 mm in diameter (1 mm from the edge of the disc) is deˆned to have had activity. Assay of the antifungal activity. The antifungal activity against P. oryzae was evaluated by using a spore suspension according to a previous method.
11)
Ten microliters of a sample solution or 10 ml of the solvent (as a control) which had been used to dissolve the sample was placed on a clean slide glass. After the solvent had completely evaporated, 25 ml of a spore suspension was added at the same place. The slide glass was moved into a saturated moist chamber and incubated for 16 h at 269 C. The number of germinating spores was counted under a microscope (×100), and the inhibitory activity was calculated as follows:
(a＝germination rate of the control group, b＝germi-nation rate of the tested sample group).
Results and Discussion
Identiˆcation of the antimicrobial compounds in yacon leaves
The 70z methanol extract of the yacon leaves was subjected to column chromatography to aŠord antimicrobial compounds 1-6.
Compounds 3-5 were identiˆed as sonchinfolin (3), uvedalin (4) and enhydrin (5) by comparing there 1 H-and 13 C-NMR data with literature values. We have previously reported these compounds as antifungal melampolides isolated from yacon leaves. 8) In that study, polymatin B was also isolated from the leaves. However, in this study, polymatin B was not isolated, indicating that this compound had no antibacterial activity.
The high-resolution mass spectrum of compound 1 gave a molecular weight of 374.1726, which agrees with the molecular formula C21H26O6 (calcd. 374.1729). The 1 H-NMR spectrum (Table 1) showed signals for three oleˆnic methines (H-1, H-5 and H-3?), three other methines (H-6, H-7 and H-8), an oleˆnic methylene (H-13), three other methylenes (H-2, H-3 and H-9), and four methyls (C-15, C-4?, C-5? and COOMe). 13 C-NMR and DEPT experiment revealed the presence of 21 carbons, including three acid carbonyls (C-12, C-14 and C-1?), three oleˆnic quaternary carbons (C-4, C-10, C-11 and C-2?), three oleˆnic methines (C-1, C-5 and C-3?), three methines (C-6, C-7 and C-8), an oleˆnic methylene (C-13), three methylenes (C-2, C-3 and C-9), and four methyls (Me-15, Me-4?, Me-5? and COOMe) in the molecule. Typical carbon signals at dC 128.14 (C-2?), 138. 12) The position of the tigloyl group was deduced to be at C-8 (d 66.91) by the cross peak between H-8 (d 6.26) and C-1? (d 166.72) in the HMBC spectrum (Fig. 2) . Two typical doublets in the 1 H-NMR spectrum at dH 5.55 (H-13, d, J＝3.4 Hz), 6 .21 (H-13, d, J＝3.4 Hz) and 2.59 (H-7, m), and absorbance at 1770 cm -1 in the IR spectrum suggested the presence of an a-methylene-g-lactone moiety. The correlations between these carbons, C-13 (d 120.52) and C-7 (d 49.81), and their neighboring carbons in HMBC data validated the assignment of this a-methylene-g-lactone moiety to be C6-C7-C11-C12 and C11-C13 as shown in Fig. 2 . The connectivity of the other proton-bearing carbons, C1-C2-C3 and C5-C6-C7-C8-C9, was easily deduced. Moreover, correlations between the quaternary carbons, C-4 (d 137.67) and C-10 (d 131.29), and their neighbors made clear the total skeleton of compound 1 as shown in Fig. 2 . NOE observed between H-1 (dH 6.82) and H-COOMe (dH 3.77), and H-6 (dH 5.14) and H-15 (dH 1.92) established the geometry of the double bonds at C1＝C10 and C4＝C5 as E and E, respectively. NOEs observed 2157 Antimicrobial Compounds from Yacon Leaves between H-7 (dH 2.59) and H-8 (dH 6.26), H-5 (dH 5.12) and H-7 (d H 2.59), and H-6 (d H 5.14) and H-15 (dH 1.92) established the conformation of the lactone ring and orientation of the tigloyl group as shown in Fig. 2 . When the 1 H-and 13 C-NMR spectral data were compared with those of closely related sonchifolin (3), they were found to be almost the same, except for the angeloyl group. Thus, compound 1 was identiˆed as 8b-tigloyloxymelampolid-14-oic acid methyl ester.
The high-resolution mass spectrum of compound 2 gave a molecular weight of 360.1580, which agrees with the molecular formula C20H24O6 (calcd. 360.1573). The 1 H-and 13 C-NMR spectra of compound 2 were almost the same as those of compound 1, except for the tigolyl part. The absence of signals corresponding to the C-4? group of compound 1 suggested that compound 2 did not have a methyl group linked to C-3?. The 13 C-1 H COSY spectrum revealed that two oleˆnic protons (dH 6.06 and 5.58) were connected to C-3? (Table 2 ). In addition, typical carbon signals at dC 135.81 (C-2?), 126.15 (C-3?) and 18.29 (C-4?) and proton signals at dH 6.06 (H-3?, br. s), 5.58 (H-3?, quintet) and 1.93 (H-4?, m) are characteristic of a methacryloyl group.
12) The molecular formula of compound 2 indicated the loss of CH2 from compound 1. All of the evidence supported the conclusion of a methacryloyl group being present in compound 2, instead of the angeloyl group in compound 1. Thus, compound 2 was identiˆed as 8b-methacryloyloxymelampolid-14-oic acid methyl ester (2), the structure being shown in Fig. 1 .
The 13 C-NMR spectrum of compound 6, which showed the strongest antibacterial activity among the six isolated compounds, was found to be very similar to that of enhydrin (5), except that the chemical shifts of C-2? and C-3? were dC-3? 126.56 and dC-2? 140.22, while being dC-2? 59.39 and dC-3? 59.27 in enhydrin (5) . It was assumed that there was a double bond between C-2? and C-3? in compound 6. This is in agreement with the molecular weight of 448 given by GC-MS. This value is 16 (an oxygen atom) less than that of enhydrin (5) group. In addition, the 1 H-NMR spectrum of compound 6 was found to be almost identical with the reference data for ‰uctuanin (designated as Longipilin acetate in the reference).
13) Thus, compound 6 was identiˆed as ‰uctuanin, whose structure is shown in Fig. 1 .
Quantiˆcation of the antimicrobial melampolides in yacon leaves
A freshly prepared extract from frozen leaves was analyzed by GC-MS. The contents of the six compounds are shown in Table 3 . The contents of enhydrin and uvedalin in yacon leaves were 2.50 mg W g FW and 1.33 mg W g FW, these being the greatest among the six active compounds. The amounts of the two new compounds were very low, especially that of 8b-methacryloyloxymelampolid-14-oic acid methyl ester (2) which exhibited high antimicrobial activity. Both 8b-tigloyloxymelampolid-14-oic acid methyl ester (1) and sonchifolin (3) were detected in the freshly prepared extract. This result precludes the possibility that new compound 1 had been formed by the isomerization of sonchifolin (3) or vice versa during the puriˆcation procedure. Compound 2: 8b-Methacryloyloxymelampolid-14-oic acid methyl ester.
Antimicrobial activities of the isolated melampolides
The antibacterial activity of 8b-tigloyloxymelampolid-14-oic acid methyl ester (1), 8b-methacryloyloxymelampolid-14-oic acid methyl ester (2), sonchifolin (3), uvedalin (4), enhydrin (5) and ‰uctuanin (6) against B. subtilis are shown in Table 4 .
Among these six compounds, ‰uctuanin (6) exhibited the strongest activity. The second strongest was uvedalin, and the third was enhydrin. All of these three compounds have an acetoxy group at the C-9 position. It therefore seems that the acetoxy group is necessary for strong antibacterial activity. The activity of uvedalin was higher than that of enhydrin, the only diŠerence between these two compounds being the expoxide group at C-4 W C-5. So it seems that the expoxide group at C-4 W C-5 was also responsible for the antibacterial activity.
8b-Tigloyloxymelampolid-14-oic acid methyl ester (1), which is an isomer of sonchifolin (3) and has a tigloyl group instead of angeloyl group, showed higher antibacterial activity than sonchifolin against B. subtilis. 8b-Methacryloyloxymelampolid-14-oic acid methyl ester (2) showed more antibacterial activity than sonchifolin and 8b-tigloyloxymelampolid-14-oic acid methyl ester (1) .
The antifungal activities of the six isolated compounds against P. oryzae are shown in Fig. 3 . The newly identiˆed compound, 8b-methacryloyloxymelampolid-14-oic acid methyl ester (2) , showed the strongest activity, while the other newly identiˆed compound, 8b-tigloyloxymelampolid-14-oic acid methyl ester (1), was not as active. Fluctuanin (6) , which showed the strongest antibacterial activity against B. subtilis, showed very low antifungal activity.
